The Swi2/Snf2 family ATPase Mot1 displaces TATA-binding protein (TBP) from DNA in vitro, but the global relationship between Mot1 and TBP in vivo is unclear. In particular, how Mot1 activates transcription is poorly understood. To address these issues, we mapped the distribution of Mot1 and TBP on native chromatin at base pair resolution. Mot1 and TBP binding sites coincide throughout the genome, and depletion of TBP results in a global decrease in Mot1 binding. We find evidence that Mot1 approaches TBP from the upstream direction, consistent with its in vitro mode of action. Strikingly, inactivation of Mot1 leads to both increases and decreases in TBP-genome association. Sites of TBP gain tend to contain robust TATA boxes, while sites of TBP loss contain poly(dA-dT) tracts that may contribute to nucleosome exclusion. Sites of TBP gain are associated with increased gene expression, while decreased TBP binding is associated with reduced gene expression. We propose that the action of Mot1 is required to clear TBP from intrinsically preferred (TATA-containing) binding sites, ensuring sufficient soluble TBP to bind intrinsically disfavored (TATA-less) sites.
T
ATA-binding protein (TBP) is a general regulator of eukaryotic transcription required for initiation by all three eukaryotic RNA polymerases (1) . TBP lies at the center of a complex transcriptional network (2) and as such is regulated by a diverse array of factors. One such TBP-regulating protein is modifier of transcription 1 (Mot1), a highly conserved (3) and essential (4, 5) member of the Swi2/Snf2 ATPase family. Mot1 uses the energy derived from ATP hydrolysis to remove TBP from DNA (6) , and the mechanism of action of Mot1 is perhaps the best understood of all Swi2/Snf2-like ATPases. Mot1 recognizes TBP from upstream, associating with TBP from above via its acidic loops. The Swi2/Snf2 ATPase domain of Mot1 contacts DNA ϳ17 bp upstream of TBP and translocates toward TBP, loosening its association of TBP with DNA. Last, the latch of Mot1 occupies the DNAbinding groove of TBP, displacing the Mot1-TBP complex from DNA and preventing TBP from rebinding DNA (7) (8) (9) (10) .
The finding that Mot1 displaces TBP from DNA (6) led to the hypothesis that it would act primarily as a transcriptional repressor. However, numerous transcriptional profiling studies have established that loss of Mot1 both increases and decreases gene expression (4, 5, (11) (12) (13) (14) (15) (16) (17) (18) . Furthermore, loss of Mot1 has also been found to reduce TBP association with some promoters (11, 12, (18) (19) (20) (21) . Several models have been put forward to reconcile these findings with the well-characterized TBP-displacing activity of Mot1: (i) a preinitiation complex (PIC) remodeling model, wherein Mot1 alters the PIC conformation, presumably via interaction with TBP followed by ATP hydrolysis and translocation, to enhance transcriptional permissiveness (13) ; (ii) a PIC formation model, wherein the TBP-Mot1 complex nucleates an alternative, transcriptionally competent PIC (22) ; (iii) a nucleosome remodeling model, wherein Mot1 participates directly or indirectly in nucleosome remodeling, facilitating binding of TBP by excluding nucleosomes from promoters (23) ; (iv) a recruitment model, wherein Mot1 actively recruits TBP to chromatin (11) ; and (v) a redistribution model, where loss of Mot1 function leads to transfer of TBP from intrinsically unfavorable to favorable binding sites, as there is insufficient Mot1 action to clear TBP from its favored sites (18, 22) . Reconciling the positive effects of Mot1 on a subset of genes with its known in vitro activity remains an important unsolved problem in the field.
To address this problem, we set out to elucidate the relationship between Mot1 and TBP across the genome. We first mapped the distribution of Mot1 and TBP on native chromatin at base pair resolution. Consistent with in vitro studies of Mot1 function, our results indicate that Mot1 approaches TBP from upstream in vivo. Nuclear depletion of TBP resulted in attenuation of Mot1-genome association, consistent with a role for TBP in Mot1 recruitment to chromatin. Surprisingly, while Mot1 inactivation led to a modest increase in TBP binding when all promoters were considered, the most robust sites of TBP binding were more likely to lose TBP than to gain TBP upon Mot1 inactivation. Sites of TBP gain contained strong TATA sequences, while those that lost TBP contained poly(dA-dT) tracts that could contribute to nucleosome exclusion. Genes that gained TBP at their promoters tended to show increased expression upon Mot1 inactivation, while those that lost TBP were more likely to show decreased expression. We suggest that the primary role of Mot1 in vivo is to clear TBP from intrinsically preferred (TATA-containing) promoters to ensure sufficient soluble TBP to bind intrinsically disfavored (TATAless) sites and that the positive effect of Mot1 on transcription can be attributed to its maintenance of a balance of TBP levels between TATA-containing and TATA-less promoters.
MATERIALS AND METHODS
Saccharomyces cerevisiae methods. Saccharomyces cerevisiae (yeast) cells were grown at 30°C in yeast extract-peptone-dextrose (YPD) medium. The TBP-AA/Mot1-3FLAG (AA stands for anchor-away) strain was constructed by PCR-based tagging of Mot1 in strain HHY154 (24) using p3FLAG-hyg, a derivative of p3FLAG-kanMX (25) . Cells were treated with 1 g/ml rapamycin (Sigma) for 1 h to induce nuclear depletion of TBP. For spot assays, cells grown overnight were diluted to an optical density at 600 nm (OD 600 ) of 1.0, 3-l portions of five 10-fold serial dilutions were plated on YPD with and without 1 g/ml rapamycin, and the plates were photographed after ϳ36 h of growth at 30°C. Mot1 was inactivated by incubation of the mot1-42 strain at 35°C for 45 min. Nuclear isolation, micrococcal nuclease (MNase) digestion, and chromatin preparation were performed as described previously (26) . Yeast strains used in this study are listed in Table 1 .
ORGANIC profiling. ORGANIC-seq (sequencing of occupied regions of genomes from affinity-purified naturally isolated chromatin [ORGANIC]) was performed as described previously (26) . For TBP-13MYC ORGANIC experiments, 12 g of mouse anti-Myc (9E10 [sc-40x; Santa Cruz]) was bound to 100 l protein G DynaBeads (Invitrogen) that had been prewashed three times with 1 ml of phosphate-buffered saline containing 0.5% bovine serum albumin (PBS-0.5% BSA) at 4°C for at least 4 h. Antibody-coupled beads were washed three times with 1 ml PBS-0.5% BSA prior to use.
Sequencing libraries were prepared using our previously described modification of the standard Illumina protocol (27) , except that TruSeq adapters were used for multiplexing and the ratio of sample to Ampure beads was changed from 5:9 to 1:1 in the two cleanup steps to compensate for the longer length of the TruSeq adapters. Libraries were sequenced for 25 cycles in paired-end mode on the Illumina HiSeq 2000 platform at the Fred Hutchinson Cancer Research Center (FHCRC) Genomics Shared Resource.
Data analysis. Sequenced fragments were processed, aligned, and analyzed as described previously (26) . Signal tracks were visualized with SignalMap (Nimblegen). A list of yeast transcription start sites (TSSs) was obtained from the Saccharomyces Genome Database (SGD) (http://www .yeastgenome.org/) for analysis of the ends using previously published Perl scripts (28) as described previously (26) . TBP ChIP-exo (chromatin immunoprecipiation followed by exonuclease digestion and sequencing) data and TATA box annotations were obtained from Rhee and Pugh (29) . Peaks were called using a threshold determined by taking the average of normalized counts across the genome and adding an empirically determined multiple of the standard deviation of genome-wide normalized counts. Base positions above the threshold were grouped into a discrete peak if they were within 10 bp of one another. The midpoint of a peak was taken to be the position of the base with the highest normalized count value of all bases within the peak. A 56-bp window around each peak midpoint was used for overlap analysis and motif discovery. See Data Set S1 in the supplemental material for a list of TBP peaks and their occupancies. Peak occupancies from the TBP-AA/Mot1 ORGANIC and mot1-42/ TBP ORGANIC experiments are given in Data Sets S2 and S3, respectively, in the supplemental material. Occupancies were log 10 transformed for correlation analysis and two-dimensional histogram generation. For chi-square analysis, the numbers of RNA polymerase II (Pol II) (6,744, the sum of mRNA and transposon genes) and Pol III (279 [30] ) genes were used to calculate the expected frequencies of Pol II and Pol III genes in each peak set. For the 10-min MNase time point (266 peaks), 255 Pol II genes and 11 Pol III genes were expected. For the 2.5-min MNase time point (258 peaks), 248 Pol II genes and 10 Pol III genes were expected. MEME-ChIP (31) was used to search peaks for motifs. TBP peaks with matches to the DREME TATAWAWR position-specific scoring matrix (PSSM) at a P-value threshold of Ͻ0.0001 were determined with FIMO (32) .
Sequencing data accession number. Sequencing data have been deposited with GEO (GSE44200).
RESULTS

Global mapping of Mot1 and TBP on native chromatin.
To study the genomic binding of Mot1 and its relationship to TBP, we applied the ORGANIC (occupied regions of genomes from affinitypurified naturally isolated chromatin) profiling method that we had previously used to profile other SWI/SNF family chromatin regulators (26) and transcription factors (S. Kasinathan, G. A. Orsi, G. E. Zentner, K. Ahmad, and S. Henikoff, submitted for publication). Un-cross-linked chromatin from yeast strains harboring epitope-tagged Mot1 or TBP alleles was digested for 2.5 min or 10 min with micrococcal nuclease (MNase), immunoprecipitated using antibodies directed against the appropriate epitope, and Mot1/TBP-associated and input DNA samples were prepared for sequencing using a modified library preparation protocol that allows recovery of fragments as short as ϳ25 bp (27) , enabling the generation of base pair resolution maps of Mot1 and TBP binding to the yeast genome. The majority of reads for input samples were of approximately nucleosomal size, with maxima between 150 and 170 bp (Fig. 1A ). Mot1 and TBP immunoprecipitation (IP) samples displayed notable enrichment of subnucleosome-size fragments (Fig. 1A) , suggesting that Mot1 and TBP participate in the protection of extended stretches of naked DNA, likely within promoters in conjunction with preinitiation complexes (PICs), while nucleosome-size particles were depleted from Mot1 and TBP IPs. We also compared TBP ORGANIC signal to ChIP-exo (chromatin immunoprecipiation followed by exonuclease digestion and sequencing) signal (29) at TATA boxes. This analysis revealed a notable correlation between results obtained by the two methods (2.5-min MNase R 2 ϭ 0.57; 10-min MNase R 2 ϭ 0.63). We detected robust binding of Mot1 and TBP in intergenic regions throughout the genome (Fig. 1B ). Mot1 and TBP enrichment was particularly strong just upstream of transcription start sites (Fig. 1C) , consistent with the known functions of these proteins at promoters. Mot1 and TBP cooccupy sites across the genome. To facilitate further analysis of the relationship between Mot1 and TBP binding, we called peaks on our TBP ORGANIC data sets using a thresholding approach. For the 2.5-min MNase time point, this yielded 3,272 peaks, and for the 10-min MNase time point, it gave 3,002 peaks (see Data Set S1 in the supplemental material). Peaks were highly reproducible across the 4-fold range of MNase digestion: all 3,002 peaks in the 10-min MNase sample overlapped peaks in the 2.5-min MNase sample ( Fig. 2A) . We then determined the occupancy of each peak by determining the area under the curve (that is, the total number of counts comprising the peak) for a 200-bp window centered on each peak midpoint and found that their occupancies were highly correlated (R 2 ϭ 0.91) (Fig.  2B) . We also detected notable enrichment of Mot1 around TBP peaks (Fig. 2C) .
Previous cross-linked chromatin immunoprecipitation with microarray technology (X-ChIP-chip) and cross-linked chromatin immunoprecipitation-DNA sequencing (X-ChIP-seq) studies have demonstrated that Mot1 and TBP bind highly similar sets of sites throughout the genome (12, (33) (34) (35) . Furthermore, it has been suggested that, at some promoters, there are fixed ratios of Mot1 to TBP (36) . Our observations of close correspondence between Mot1 and TBP peaks (Figs. 1B and 2C) are consistent with the idea of a relationship between Mot1 and TBP binding. To test this on a genome-wide scale, we compared the occupancy of Mot1 and TBP at TBP peaks and detected essentially no correlation between TBP and Mot1 enrichment when all 10-min MNase peaks were considered together (R 2 ϭ 0.009) (Fig. 2D ). However, it was clear from the scatterplot that in terms of the ratio of Mot1-to-TBP enrichment, there are multiple classes of TBP peaks. Most conspicuous was a distinct cluster of sites with very high TBP occupancy but relatively low Mot1 occupancy. To determine the nature of these sites, we analyzed the genes associated with TBP peaks displaying a Mot1/TBP ratio of Ͻ0.1 and log 10 TBP enrichment of Ͼ3.5. Of the 266 10-min MNase peaks meeting these criteria, 1 (0.38%) was associated with a Pol III-transcribed snRNA (snR6) and 181 (68.0%) were associated with tRNA genes (see Data Set S1 in the supplemental material). The remainder of these sites were associated with protein-coding genes (71 . In both cases, this cluster of peaks was dominated by TBP binding sites associated with Pol III promoters (P Ͻ 10 Ϫ300 for both MNase time points by chi-square analysis). These observations are consistent with previous studies showing that Pol III promoters tend to be very highly enriched for TBP relative to Mot1 (36, 37) .
Mot1 requires TBP for chromatin binding. As previous studies have shown that, at a few promoters, loss of TBP reduces Mot1 binding (36), we set out to determine the global effects of TBP loss on Mot1-genome association. To this end, we employed the anchor-away (AA) method, which has been successfully used to deplete a number of nuclear proteins including TBP (24) . We epitope tagged Mot1 in the TBP-AA background and confirmed that the presence of tagged Mot1 did not interfere with the previously reported lethality of TBP nuclear depletion (Fig. 2E) . We then performed Mot1 ORGANIC profiling following rapamycin treatment to deplete TBP and compared the enrichment of Mot1 at TBP peaks with and without TBP depletion. We observed a global reduction in Mot1 binding at TBP peaks relative to the genome as a whole ( Fig. 2F ; see Data Set S2 in the supplemental material), consistent with a role for TBP in recruiting Mot1 to chromatin.
Mot1 associates with chromatin upstream of TBP. In vitro, Mot1 associates with an ϳ17-bp DNA "handle" upstream of TBP and recognizes TBP from upstream prior to TBP removal (7, 9, 10) . While binding of Mot1 to DNA upstream of TBP is essential for TBP displacement in vitro, it has been unclear whether this directional engagement of Mot1 occurs in vivo due to the limited resolution of widely used X-ChIP methods (38) . We thus set out to determine whether there is directionality in the recognition of TBP by Mot1 in vivo. To allow for proper orientation of TBP peaks, which contain no intrinsic strand information, we used FIMO (32) to search our TBP peak set for strong (P Ͻ 0.0001) matches to the TATAWAWR consensus sequence (29) . This generated a list of 438 TBP peaks with motif coordinates and strand information. Plotting of the aggregate Mot1 signal around these sites revealed that it was enriched directly upstream of the TATA WAWR motif and, by extension, TBP (Fig. 3A) . We also noted a slight enrichment of Mot1 downstream of the TATAWAWR motif (Fig. 3A) . As TBP sometimes binds to promoters in the wrong orientation to support productive PIC formation (39), this upstream enrichment may represent Mot1 recognizing "backwards" TBP from the opposite orientation.
We also used V-plotting (27) to assess the spatial relationship of Mot1 and TBP at promoters containing the TATAWAWR motif. In this approach, the midpoint of each paired-end fragment is assigned a dot, which is then plotted in two-dimensional space. Its x coordinate represents the distance of the fragment midpoint from a defined genomic feature, while its y coordinate represents the length of the corresponding fragment. We generated V-plot maps of log 2 (Mot1 IP/input) data for the 2.5-min and 10-min MNase time points centered on the TATAWAWR motifs within the 438 peaks determined above. Nucleosomes were highly depleted from both IP samples (Fig. 3B) , indicating a lack of interaction between Mot1 and nucleosomes and arguing against a direct role for Mot1 in nucleosome remodeling (23) . Consistent with our aggregate plot results, robust enrichment of Mot1 was detected both over the TATA box and the DNA upstream of the TATA box (Fig. 3B) . As V-plots impart information about the length of protected fragments, we were also able to determine that the footprint of Mot1 immediately upstream of TATA boxes is quite large, comprising fragments ϳ40 to 150 bp in length. The large size of this footprint likely reflects the interaction of Mot1 with the transcription machinery and may also indicate interaction of Mot1 with the SAGA (Spt-Ada-Gcn5-acetyltransferase) coactivator complex, which has been shown to promote TBP turnover (40) . These results strongly suggest that the model of Mot1 action in vitro, where it associates with DNA upstream of TBP and then recognizes TBP from the upstream direction, reflects its function in vivo.
Loss of Mot1 function redistributes TBP from TATA-less to TATA-containing sites. The initial characterization of Mot1 as a TBP-displacing factor (6) suggested that loss of Mot1 would result in a global increase of TBP binding across the genome. However, it has been shown that loss of Mot1 function or loss of its interaction with TBP decreases TBP association with a number of sites in the genome (11, 12, 18, 19, 21) , and the basis of this phenomenon has been unclear. To comprehensively address the effects of Mot1 loss on TBP binding to chromatin, we performed TBP ORGANIC profiling in strains harboring either the wild-type MOT1 gene or the temperature-sensitive mot1-42 allele. The protein produced from the mot1-42 allele contains a single amino acid change (L383P) that renders it biochemically inactive at 35°C in vitro due to deficient TBP recognition (41) . Consistent with previous work (16) , inactivation of Mot1 led to a slight but significant (P Ͻ 0.001 by Kolmogorov-Smirnov test) overall increase in TBP occupancy at promoters (Fig. 4A) , as well as a broadening of TBP signal downstream of the TSS.
We then assessed the effects of Mot1 inactivation on TBP occupancy at TBP peaks. Attenuation of the Mot1-TBP interaction by shifting to the restrictive temperature resulted in both increases and decreases in TBP occupancy at hundreds of TBP peak locations (Fig. 4B to D) . Surprisingly, more TBP peaks lost than gained TBP upon inactivation of Mot1. Of the 3,002 TBP 10-min MNase peaks, 224 displayed a Ͼ2-fold increase in TBP binding following inactivation of Mot1, while 752 displayed a Ͼ2-fold decrease in TBP occupancy after temperature shift (P ϭ 4.43 ϫ 10 Ϫ64 by chi-square analysis) (see Data Set S3 in the supplemental material). We obtained similar results with the 2.5-min MNase data set: of the 3,272 2.5-min MNase TBP peaks, 145 displayed a Ͼ2-fold increase in TBP binding following inactivation of Mot1, while 727 displayed a Ͼ2-fold decrease in TBP occupancy after temperature shift (P ϭ 1.81 ϫ 10 Ϫ86 by chi-square analysis; Data Set S3). We noted that occupancies of TBP peaks mainly associated with tRNA genes (Fig. 4B , top right corner of the density plot) were largely unaffected by Mot1 inactivation, consistent with the insensitivity of Pol III promoters bound by the basal initiation factor transcription factor IIIB (TFIIIB) to Mot1 regulation (3) .
It has been proposed that loss of Mot1 causes redistribution of TBP from intrinsically unfavorable to intrinsically favorable binding sites (18, 22) . However, it is unclear what sequence features might define a favorable versus unfavorable site for TBP binding in vivo. We therefore used MEME-ChIP (31) to search the 500 sites with the highest level of TBP gain and loss after Mot1 inactivation for sequence motifs. Of the sites of TBP gain, 410/500 (82%) contained a robust TATA box (E ϭ 6.7 ϫ 10 Ϫ196 ) (Fig. 4E) . In striking contrast, no significant TATA box motif was detected in the class of sites that lost TBP; rather, 112/500 (22.4%) contained poly(dA-dT) tracts (E ϭ 2.0 ϫ 10 Ϫ101 ) (Fig. 4E) . We also scored the same sets of peaks using the TATA position weight matrix (PWM) derived from MEME ( Table 2 ) and found that the sites that gained TBP in the mot1-42 strain had significantly higher PWM scores (P ϭ 2.58 ϫ 10 Ϫ170 by t test). We also scored peaks using two previously described TATA motif PWMs (42, 43) obtained from ScerTF (44) and again found that TBP-increased peaks were much more likely to contain a high-scoring TATA motif (Pachkov motif, P ϭ 1.34 ϫ 10 Ϫ157 ; Zhu motif, P ϭ 1.72 ϫ 10 Ϫ153 by t test). We conclude that inactivation of Mot1 results in a redistribution of TBP from TATA-less to TATA-containing sites.
TBP redistribution is associated with changes in gene expression. Presumably, loss of TBP at TATA-less promoters would result in decreased expression of the associated genes, while gain of TBP at TATA-containing promoters would increase gene expression. Indeed, it has been shown that AA-mediated depletion of Mot1 tends to reduce the expression of TATA-less genes (17) . To ascertain the biological significance of changes in TBP binding that occur when Mot1 is inactivated, we plotted the change in TBP occupancy at promoters as a heat map ranked by the expression of the associated gene in the mot1-42 mutant strain versus control (16) . We found that genes with increased expression in mot1-42 also displayed markedly increased TBP binding, while genes whose expression decreases in the mot1-42 mutant strain were more likely to show reduced TBP binding (Fig. 5) , indicating that the redistribution of TBP when Mot1 is inactivated has functional effects on gene expression.
DISCUSSION
Mot1, a relative of diverse ATP-dependent chromatin remodelers, plays a critical role in eukaryotic transcription through its regulation of TBP-genome association. We find that loss of Mot1 function causes TBP gain at sites containing TATA boxes but leads to loss of TBP binding at TATA-less sites. The redistribution of TBP in the absence of Mot1 function appears to have functional consequences: increased TBP binding is associated with increased gene expression, while decreased TBP binding is linked to decreased gene expression. These observations are consistent with a redistribution model, wherein Mot1 clears TBP from sites of intrinsic preference (TATA-containing sites) to ensure that there is sufficient soluble TBP to bind intrinsically disfavored (TATAless) sites.
While the poly(dA-dT) runs found within peaks that lose TBP are most likely less favorable than a TATA box for TBP binding in terms of sequence preference, an additional property of poly(dAdT) tracts may favor TBP binding. Poly(dA-dT) tracts cause narrowing of the minor groove and increase DNA stiffness, disfavoring nucleosome formation (45) . Such exclusion of nucleosomes by poly(dA-dT) tracts would help to maintain DNA accessible to DNA-binding proteins, while serving as low-affinity binding sites for TBP liberated from TATA-containing sites by Mot1.
Our results bear on the action of Mot1 at TATA-containing versus TATA-less sites, particularly in the context of a model for Mot1 action in vivo proposed by Tora and Timmers (46) . In this model, the sharp bending of TATA-containing DNA by TBP generates a "spring" for rapid Mot1-catalyzed TBP removal, leading to the previously described rapid turnover of TBP at these sites (40) . This predicts that loss of Mot1 would result in increased TBP binding at these sites; indeed, we observed that 82% of the top 500 sites of TBP gain in the mot1-42 strain contained robust TATA boxes. This model also suggests that Mot1 removes TBP from TATA-less promoters, albeit at a lower rate. This feature of the model would predict that, in the absence of Mot1 function, TATA-less promoters would also gain TBP. However, we found that this is not the case: TATA-less Pol II sites tended to lose TBP in the mot1-42 strain. Interestingly, it has been suggested that TBP bound to TATA-less promoters may be inaccessible to Mot1 (18, 40) . The differential sensitivity of TATA-containing versus TATA-less promoters may be attributable to their regulation by different coactivator complexes. The SAGA complex loads TBP onto TATA-containing promoters (47) and is also associated with high TBP turnover (40) , suggesting that it synergizes with Mot1 in TBP removal, a hypothesis supported by the finding of negative genetic interaction between Mot1 and SAGA (17) . In contrast, TATA-less promoters tend to be regulated by the TFIID coactivator complex (47) . The human ortholog of Mot1, BTAF1, does not associate with TFIID (48) and is unable to inhibit transcription from TATA-less promoters bound by TFIID in vitro (3) . TATAless genes also tend to display low Mot1-dependent TBP turnover in vivo (40) . Last, sequential ChIP experiments have suggested mutually exclusive association of Mot1 and TFIID at a few promoters (49) . The recently solved structure of the TFIID component TAF1 (TATA box-binding protein-associated factor 1) in complex with TBP suggests a mechanism by which TFIID might render TBP refractory to removal from DNA by Mot1 (50) . TAF1 contacts the same surfaces of TBP as Mot1 does, and it therefore stands to reason that, by interacting with TAF1, TBP in the context of TFIID is shielded from interaction with and dissociation by Mot1. In vivo support for this structural model derives from the observation that TAF1 is highly enriched at TATA-less promoters but depleted from TATA-containing promoters in yeast (29) . Furthermore, depletion of yeast TAF1 results in increased TBP mobility (51), and TAF1 depletion in Drosophila cells leads to dissociation of TBP from TFIID (52, 53) as well as increases in nascent RNA production from TATA-containing promoters (52) . As TATA-less promoters are likely to be lower-affinity sites for TBP binding, the protection of TBP from Mot1-mediated dissociation by TAF1 may serve to ensure that sufficient TBP remains associated with these promoters for appropriate transcriptional activation. An analogous situation might occur at Pol III promoters, which tend to be TATA-less and insensitive to TBP displacement by Mot1 (3). Protection of TBP from Mot1 displacement at Pol III promoters may be achieved by the interaction of TBP with a component(s) of the TFIIIB complex. We propose that the primary site of the TBP-displacing activity of Mot1 in vivo is at TATA boxes and that Mot1 may not function to displace TBP from TATA-less promoters. TATA boxes likely represent intrinsically preferred sites of TBP binding that also facilitate TBP displacement by Mot1 via the generation of the bent DNA "spring" as well as cooperation with the SAGA complex (Fig.  6A) . At TATA-less sites, regulated by TFIID, Mot1 is unable to interact with TBP due to the interaction of TAF1 with the Mot1-interacting surface of TBP, resulting in continued binding of TBP (Fig. 6B) . We propose a similar situation for Pol III promoters, wherein a component of TFIIIB interacts with the Mot1-interacting surface of TBP, inhibiting its interaction with Mot1 and ensuring persistence of TBP association (Fig. 6C) . Mechanistically, our data indicate that the displacement of TBP from TATA boxes by Mot1 maintains sufficient soluble TBP such that TATA-less sites can also be bound. Loss of Mot1 thus results in increased TBP binding to its intrinsically preferred (TATA-containing) binding sites, depleting the soluble pool of TBP and reducing TBP association with intrinsically disfavored (TATA-less) sites.
